The Section of Anaesthetics held a meeting on 3 December 1982 to discuss the clinical application of high-frequency jet ventilation.
Professor Keith Sykes (Oxford) opened the meeting with a review of the development of high-frequency ventilation and outlined the major differences between the two most widely investigated techniques, high-frequency oscillation (HFO) and high-frequency jet ventilation (HFJV).
High-frequency oscillation utilizes a sinusoidal flow profile at frequencies up to 40 Hz. The flow pattern is produced by a loudspeaker or piston pump attached directly to the patient's endotracheal tube and the displaced volumes are small (2-4 ml/kg). Oxygen is supplied and carbon dioxide removed by a bias flow of fresh gas between the oscillator and the patient. This technique has not gained widespread use in clinical practice because of its technical complexity.
High-frequency jet ventilation, on the other hand, has been widely practised because suitable ventilators can be constructed easily. There are also several commercial models available. A jet ventilator regularly interrupts the flow from a high pressure gas source and so produces pulses of gas with a square wave flow pattern. Frequencies are in the range of 1-10 Hz, but minute volumes are high (10-40 1/min). The pulsed gas is delivered to the patient either through a nozzle or cannula fixed into a T-piece situated in the proximal end of the endotracheal tube. Alternatively, it may be 'delivered to the distal end of the tube through the sampling lumen of a gas monitoring tube. Dr Andrew Mortimer (Oxford) then described the functional characteristics of a prototype solenoid-operated jet ventilator. The ventilator is supplied with compressed air or oxygen at 4 atmospheres pressure from the hospital supply system. After passing through a pressure regulator, the gas reaches a manifold of four electromagnetic solenoid valves in parallel. These are closed in the resting position. When the solenoids are excited, one or more valves opens, thus generating a discrete pulse of gas. The volume of each pulse is determined by the set driving pressure, the valve cycling frequency, the duty cycle (the proportion of each cycle during 'Report of meeting of the Section of Anaesthetics, 3 December 1982. Accepted 10 June 1983 0 141-0768/83/121073-02/$01 .00 which the valve is open -I: E ratio), the number of solenoid valves opening simultaneously, and the diameter of the delivery nozzle. For example, increasing the frequency or decreasing the driving pressure reduces the ventilator tidal volume, whilst increasing the duty cycle (inspiratory time) or number of valves in operation has the opposite effect. The output of the ventilator is not influenced by external factors such as airway resistance or lung compliance.
Data were then presented to show how the ventilator tidal volume is modified when it is delivered into a Manley Lung Ventilator Performance Analyzer situated in a closed plethysmograph. At a given ventilator setting, the tidal volume delivered into the lung was determined from the rise in pressure in the plethysmograph. The lung tidal volume was shown to be greater or lesser than the ventilator output. This depends on whether entrainment of ambient gas at the T-piece occurs, thus augmenting the ventilator output and increasing the lung tidal volume, or whether some of the ventilator output is shed at the T-piece. This tends to occur when airway resistance is elevated. These observations are of practical importance because the ventilator minute volume display, which is a feature of some commercially available devices, bears no direct relationship to the minute volume delivered to a patient's lungs. It also demonstrates why the technique of HFJV has not been successfully applied to patients with raised airway resistance, such as those with asthma or severe chronic obstructive airways disease. Changing the compliance of the model lung at a fixed resistance made no difference to the lung tidal volume.
The next speaker, Dr Jean-Louis Bourgain (Paris), described his experience with the Acutronic VS600 Jet Ventilator and the factors influencing arterial oxygenation. Studies were conducted on acutely ill patients receiving highfrequency jet ventilation through a 14-gauge cannula fixed in a T-piece. Measurements of arterial P02, increase in lung volume above functional residual capacity and mean airway and alveolar pressures were made. Mean airway pressure was measured through a catheter distal to the tip of the endotracheal tube and the mean alveolar pressure was estimated by simultaneous clamping of both the inspiratory and expiratory tubing for a few seconds. After recording the pressure the expired gas was collected in a wet spirometer so that the change in lung volume could be recorded. Different mean airway pressures were obtained by changing the I: E ratio control on the ventilator.
Mean airway pressure was shown to increase when compared with conventional ventilation and with increasing inspiratory time. An excellent correlation was demonstrated between mean airway pressure and mean alveolar pressure and an increase in mean alveolar pressure resulted in an increase in arterial Po2. Dr Bourgain concluded by suggesting that the observed improvements in arterial oxygenation reflect the existence of a 'PEEP' effect, of HFJV at alveolar level, but the mechanisms of oxygenation during HFJV are the same as those operating during conventional ventilation.
The next paper, by Dr Dennis Coppel and Dr Johnston Hildebrand (Belfast) on the use of HFJV during thoracic anaesthesia, was read by Dr Coppel. Anaesthesia for thoracic surgery usually involves the use of large, traumatic double lumen tubes in order to provide a quiet operative field and adequate ventilation of the other lung. Correct positioning of these tubes requires a high degree of skill and is not always possible. An alternative approach which avoids these potential difficulties is to use high-frequency jet ventilation through the sampling lumen of a conventional Portex end-tidal co2 monitoring tube, the main lumen being left open to atmosphere. Fifty patients were ventilated in this manner using the Acutronic MK800 ventilator at a frequency of 100/min and driving pressures within the range 1 to 2.5 bar. Anaesthesia was maintained with an Althesin infusion plus pancuronium and morphine as required. Arterial blood gases, blood pressure and heart rate were observed before and after the chest was opened, at the time of maximal lung retraction, after the lung was fully re-expanded and, finally, when the chest was closed. At all times acceptable levels of arterial Po2 and Pco2 were obtained, whilst the surgeons reported satisfactory operating conditions. No difference was observed in the incidence of postoperative pulmonary complications in these patients compared with a group managed by conventional one-lung anaesthesia.
The final paper of the meeting was given by Dr Ian Davidson (Edinburgh) on the use of HFJV as an aid to weaning from intermittent positive pressure ventilation (IPPV). The methods of weaning in common use tend either to unsettle the patient by intermittent disconnection from and reconnection to the ventilator, or involve the patient in some degree of inspiratory effort to effect triggering of the ventilatory support. As an alternative, HFJV can be used through a T-piece. This enables the patient to breathe spontaneously with superimposed jet ventilation. The system has been used on several patients after open heart surgery. Jet ventilation was provided by an Acutronic MK800 ventilator with initial settings of I bar driving pressure, frequency 150/min, I: E ratio of 1:2 and FIo2 of 1.0.
Initial assessment of the adequacy of ventilation was made on clinical grounds and arterial blood gases were estimated after 30 minutes. Subsequently, the driving pressure was adjusted to give an arterial Pco2 just above the normal level and the FIo2 reduced to give an acceptable arterial Po2. As each patient's ventilatory effort improved, the driving pressure was progressively reduced until the patient was able to take over ventilation completely.
The advantages observed with this technique of weaning were threefold. First, it allowed unhindered spontaneous ventilation; secondly, sedation could be reduced to the level required for toleration of the endotracheal tube; and thirdly, the transition to spontaneous ventilation was very smooth. No complications occurred but several disadvantages were noted. Unlike conventional mechanical ventilation, it is not possible to predict what ventilator settings will be required for each patient. Furthermore, changes in the patient's lung mechanics alter the tidal volume delivered to the lungs. Consequently, alveolar ventilation and oxygenation may change rapidly and regular arterial blood gas analysis is required. The ventilator and delivery jet were noisy and it was found necessary to add a onemetre length of corrugated tubing to the expiratory limb of the T-piece to reduce the jet noise and to place the ventilator on a thick layer of sound absorbent material. Humidification and warming of the inspired gas were found to be inadequate, and the patient's core temperature (rectal) sometimes decreased by 4°C.
A lively discussion followed the papers, with many questions arising from the large audience. This reflects the high degree of interest in this novel form of ventilation.
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